Calf-thymus DNA, hydrolyzed with a sitespecific endonuclease from Haemophilus influenzae Rd, yields 12 discrete bands on polyacrylamide-agarose gels. These range in size from 7.5 X 104 to 2 X 106 daltons, and they represent about 5% of the total DNA with individual fragments comprising 0.1-1.5%. We have studied repetitive sequences in calf-thymus DNA using a site-specific endonuclease (restriction enzyme) prepared from Haemophilus influenzae Rd (9). This enzyme fraction [abbreviated Endo R-Hind (10)], which consists of two site-specific nucleases (11), makes double strand scissions in the DNA at specific recognition sites (restriction sites).
The chromosomes of most eukaryotes are organized into unique and reiterated nucleotide sequences (for review see ref. 1) . Unique regions are thought to be composed mainly of structural genes; the function of the reiterated DNA remains in question. In Drosophila (2) , guinea pig (3), and kangaroo rat (4) DNAs, at least a portion of the repeated sequences, the satellite DNAs, appear to be a simple, basic repeat of only a few nucleotides in length. Recent studies indicate that some of the reiterated DNAs are interspersed between unique sequences. In the case of Drosophila, Necturus, and mouse DNAs, these interspersed, repetitive sequences appear to be distinct from the density satellites (5) (6) (7) (8) .
We have studied repetitive sequences in calf-thymus DNA using a site-specific endonuclease (restriction enzyme) prepared from Haemophilus influenzae Rd (9) . This enzyme fraction [abbreviated Endo R-Hind (10) ], which consists of two site-specific nucleases (11) , makes double strand scissions in the DNA at specific recognition sites (restriction sites).
Assuming that there are at least two nuclease recognition sites in a repeated nucleotide sequence, the number of copies of the specific DNA fragments produced from that sequence will be a function of the number of times it appears in the genome. When enzymatically hydrolyzed DNA is fractionated on polyacrylamide-agarose gels, some fragments derived from repeated sequences can be identified as discrete bands, whereas fragments from unique sequences are present as a continuous distribution of various size DNA fragments (Fig. 2) . The size distribution of the fragments is, of course, determined by the spacing of the restriction sites within the DNA.
METHODS
Isolation of DNA. Calf-thymus tissue was homogenized and the nuclei were isolated using a modification of the procedures of Allfrey et al. (12) . A Teflon-glass homogenizer was used to disrupt the tissues and break the cells. Nuclei were purified by centrifugation through 2.4 M sucrose in 3 mM CaCl2, 10 mM Tris * HCl (pH 7.4) and were subsequently disrupted by incubation (12-15 hr) in sodium dodecyl sulphate (0.5%), Pronase (100,gg/ml), 50 mM KCl, 10 mM Tris HCl (pH 8.0). DNA was extracted with an equal volume of chloroformisoamyl alcohol (24:1) at least three times, dialyzed, incubated with T, and pancreatic RNAase (60 units/ml each), treated with pronase, and extracted with phenol.
Enzymatic Hydrolysis of DNA. Calf DNA was hydrolyzed with Endo R-Hind as previously described (11) . Conditions, chosen such that the reaction was complete, were about 0.5 units of enzyme (9) per ml added at 11/2 hourly intervals for a total of three additions.
Polyacrylamide Gel Electrophoresis. The DNA fragments produced with Endo R * Hind are routinely separated on composite polyacrylamide-agarose slab gels (3% acrylamide, 0.5% agarose) and stained as previously described (11) . Electrophoresis was usually for 41/2 hr at 200 V in a slab gel electrophoresis cell cooled to 2-4°. The amount and position of DNA was estimated by optically scanning a gel at 590 nm followed by integration of the area in a graphic read-out of the scan.
Equilibrium Centrifugation of DNA. CsCl: Calf DNA was previously hydrolyzed with Endo R Hind, extracted twice with phenol, and dialyzed against 10 mM Tris-HCl (pH 7.9), 1 mM EDTA. The DNA was brought to 1.67 g/cm3 with saturated CsCl, and centrifuged at 220 for 72 hr in a Spinco 50 rotor (42,000 rpm). Buoyant density was calculated from the refractive index (13 for these sequences by centrifuging sheared calf DNA in Ag+-Cs2SO4 (Fig. 1 ). After enzymatic hydrolysis of fractions from the gradient, 12 bands are seen against a background of a continuous distribution of various size DNA fragments ( Fig.   2 ).
The molecular weight of the various bands was determined by co-electrophoresis with DNAs of known size. The sizes of the fragments produced with Endo ReHind from bacteriophage 080h DNA were determined by Landy et al. (11) , and these were used as standards (see Fig. 3 ). The repeated calf-DNA fragments have molecular weights between 7.5 X 104 (band XII) and 2 X 100 (band I). termined by hydrolyzing calf DNA and fractionating the fragments electrophoretically on polyacrylamide-agarose gels as described. The gels were stained, optically scanned, and, finally, the areas under the tracings were integrated. The tracing of a typical gel is shown in Fig. 4 greater than this. Some nonspecific fragmentation during preparation may result in an underestimation of the amount of DNA present in the highest molecular weight fragments. Also, a considerable amount of extrapolation is necessary in projecting the shapes of the individual peaks. However, even rather gross alterations in the amount of DNA in each peak (e.g., a factor of two or more) will have little effect on the present interpretations of the relative numbers involved. In Fig. 4 , band I coincides with the peak of the continuous distribution of fragments constituting the baseline. In gels containing previously fractionated DNA (e.g., on neutral CsCl, Fig. 5 ), the shape of band I can be determined more precisely because it is displaced from the peak of bulk DNA. The fraction of the total nucleotide present, represented by each fragment, is a simple ratio of its respective integrated area to the total area. The value for the fraction that each band represents of the total DNA (Table 1) band II to 1.5% for band VII, and the sum of all fragments is about 5% of the total.
The various fragments have repeat frequencies, as determined by Eq. 1, between 1,400 (band II) and 220,000 (band XII). Densities in Neutral CsCl. Fig. 5 presents the optical density profiles of a CsCl gradient containing calf DNA hydrolyzed with Endo R-Hind and the distribution of the various fragments across the gradient. The 12 bands exhibit only two density maxima: bands I through VI, VIII, IX, and XII with a mean density of about 1.716 g/cm3, and bands VII, X, and XI having a mean density of 1.722 g/cm3. The double peak in band X is an artifact. In other experiments, this fragment has a unimodal distribution with a peak density of 1.722 g/cm3. These values are close to the peak densities of the two satellites found in CsCl (15) .
Centrifugation in Ag+-CS2SO4. In order to obtain a different kind of fractionation, sheared calf DNA was centrifuged to equilibrium in a Ag+-Cs2SO4 gradient. This also results in a better separation of satellite from bulk DNA than neutral CsCl. The main peak of DNA has a density of 1.602 g/cm3, and there is a broad heavy region with no apparent peaks (Fig. 1) . Fractions from the gradient were treated with Endo Ret Hind and the DNA was then fractionated on acrylamideagarose gels. After staining, the gels were scanned and the areas were integrated. A photograph of the stained gels containing Endo R Hind hydrolyzed fractions of this gradient is presented in Fig. 2 . The determination of the distribution of the 12 fragments across the gradient (Fig. 1) In another Ag+-Cs2SO4 gradient, the DNA was hydrolyzed with Endo Ret Hind before centrifugation. Fractions were collected, treated as described previously, and electrophoresed in polyacrylamide-agarose gels (Fig. 6) . The broad distribution of density for some of the bands in this experiment relative to the one described previously, using sheared DNA, may be explained by the lower molecular weight of some fragments in the digested DNA. For example, band XII (molecular weight 7.5 X 104) is much more diffuse than band I (molecular weight approximately 2 X 106). The density maxima (see Table 1 ) of these 12 fragments are different from the previous experiment. This is to be expected, since the density of a fragment contained in a larger sheared sequence would be affected by the density of the adjacent nonrepeated DNA. An interesting result is that band XI (the light fragment in the sheared DNA-Cs2SO4 experiment) has a density greater than main DNA. This could be due either to the presence of neighboring sequences rich in AT, or to interactions with neighboring sequences that effect the amount of bound silver (14) (thereby resulting in a relative decrease in density).
DISCUSSION
In this report we have demonstrated the production of 12 repeated DNA fragments from the calf genome using a restriction endonuclease from H. influenzae Rd. They represent approximately 5% of the total DNA with individual fragments comprising between 0.1% and 1.5%. Among the 12 acrylamide bands there is a bias toward the density of calf satellite DNA on either neutral CsCl or Ag+-Cs2SO4 gradients (15, 16) . There are between 1,400 copies per haploid genome for the least repeated fragment and 220,000 copies for the most repeated one.
Other eukaryote DNAs hydrolyzed with the same endonuclease give different patterns and different numbers of bands (unpublished results).
A this class is that they possess relatively little internal reiteration and that they constitute a homogeneous population. In contrast to the other two classes of fragments, these molecules will reanneal with a rate close to-that predicted by their size and calculated repeat frequency ( Table 1) .
The nucleotide sequence of the fragments in class B is comprised of a small number of blocks of relatively simple nucleotide sequences which are repeated and combined to generate the total fragment length. One of the sequence blocks contains the nuclease-sensitive site and is repeated at some constant interval which defines the fragment size. Because of the considerable internal reiteration, the renaturation kinetics of these fragments would be expected to be appreciably more rapid than predicted on the basis of the fragment repeat frequently alone. Satellite DNAs described by the sequence studies of J. Gall (2), Southern (3), and Fry et al. (4) are perhaps analogous to this class of DNA fragments. In this instance, it would require that short, repeating sequences are interspersed at regular intervals with different or variant sequences too infrequent to be detected by the usual sequencing procedures.
The DNA fragments in class C differ from the other two classes in that a significant portion of each molecule consists of unique, or low-multiple copy, DNA. The DNA molecules within a single acrylamide band differ from one another over a considerable portion of their length. What brings these different DNA sequences together in a single band is the fact that they are bounded at the same interval by a reiterated sequence which contains the nuclease recognition site, and hence are the same in length. This class can be distinguished from the other two in that there will be a large fraction of the total fragment which will anneal with itself or with total DNA only at a high Cot. Evidence for such a model of interspersed unique and reiterated DNA has been recently reported, and the calculations on the relative sizes and reiteration frequencies of these regions (5) (6) (7) (8) are compatible with some of the fragments reported here (Table 1) .
There is no compelling reason to assume that all of the fragments described above fall into the same class. In some instances, the broad density distributions observed for several of the fragments (compare Figs. 5 and 6 ) may reflect the type of heterogeneity considered in class B and (or) C. The wide range of reiteration frequencies (greater than 100-fold) suggests different origins for some of the fragments. On the other hand, the bias of the fragment densities in CsCl and Ag+-Cs2SO4 toward those of known satellite DNAs suggests similar origins for some of the fragments. Experiments are currently in progress to measure the extent of internal redundancy within the population of molecules comprising each of the reiterated fragments. This will determine which of the fragments are oligomers of simple sequences and which are more complex sequences interspersed throughout the calf genome.
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